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Abstract-Effect of progesterone (1 mg/kg) on the inflammation in rats induced by carrageenin was studied. Progesterone inhibited the vascular permeability and the formation of granulation tissue in the early phase of the inflammation.
In the chronic proliferative phase, progesterone suppressed the vascular permeability and there was an active resorption of the granulation tissue. Increased degradation of noncollagen protein was observed in the treated group without apparent influence on the metabolism of collagen or on the synthesis of noncollagen protein.
The mode of action of pro gesterone was compared with that of a potent anti-inflammatory steroid, hydrocortisone acetate.
A temporary remission of inflammatory symptoms in rheumatoid arthritis frequently occurs during pregnancy (1) . Concerning the mechanism for such a remission, possible changes in hormonal secretion in the body have to be considered. It is well known that progesterone levels in the serum and tissues are elevated during pregnancy and then fall precipitously in the postpartum period. Lindhe and Sonesson (2) reported that progesterone exerted an inhibitory influence on acute inflammatory process induced by croton oil, while Nyman (3) demonstrated that progesterone increased the vascularity of a wounded area in oophorectomized rabbit.
It is important, therefore, to determine how progesterone in fluences the entire course of acute and chronic phases of the inflammatory processes. The present experiment was undertaken in an attempt to determine the influence of progesterone on carrageenin-induced inflammation.
We used the carrageenin-air-pouch method which was developed as an experimental model covering not only acute exudative but also chronic proliferative stages of the inflammatory processes (4).
MATERIALS AND METHODS
An inflammation in the form of carrageenin-air-pouch was induced on the back of male Donryu rats according to the procedure of Tsurufuji et al. (4) . In rats weighing 130-160 g, 7 ml of air was injected s.c. on the back to make an air pouch. After 24 hr, and 30 min later the rats were sacrificed by cutting carotid artery. The entire exudate and the pouch of the granulation tissue were harvested. The exudate was centrifuged at 2,000 x g for 10 min at 4'C. The radioactivity of the supernatant (1 ml) was measured in a well type scintillation spectrometer as described in a previous paper (5) . Total radioactivity in the entire pouch fluid of each rat was calculated and expressed in terms of the percentage of the radioactivity injected and used as an index of the vascular permeability of the inflamed tissue.
Collagen of the granulation tissue was extracted as gelatin by autoclaving the tissue with distilled water. The extraction was done twice and the resulting collagen-free residue was referred to as the noncollagen protein fraction. The amounts and the radioactivities of collagen and noncollagen protein fractions were measured according to the procedure described previously (6) . Briefly, collagen extracted as gelatin was hydrolyzed with 6 N HCI at 105'C for 16 hr. The amount of hydroxyproline in the hydrolysate was measured by the method of Kivirikko et al. (7). The radioactivity of hydroxyproline in the hydrolysate was measured after converting hydroxyproline into pyrrole which was purified by passing through a silicic acid column. The purified pyrrole solution (15 ml) was mixed with a liquid scintillator (2 ml of 1.5 % 2,5-diphenyloxazole in toluene) and counted. Noncollagen 
RESULTS
Effect of progesterone on the early phase of the inflammation: In the early phase of the inflammation (day 0-day 4), effect of progesterone on the vascular permeability and on the formation of granulation tissue was studied. Progesterone (pregn-4-ene-3,20-doone; Merck), in a dose of 1 mg dissolved in 1 ml sesame oil per kg body weight, was injected every 12 hr into the carrageenin-air-pouch for 4 days commencing on the day of the carrageenin injection.
Control animals were given the vehicle only (1 ml sesame oil/kg body wt.). The early phase of the carrageenin-induced inflammation was suppressed by the progesterone treat ment. Wet weight of the granulation tissue, exudate volume in the pouch and the local vascular permeability were significantly inhibited (Table 1) . Concomitantly, collagen content and noncollagen protein content in the entire granulation tissue from the pro gesterone group were significantly lower than in the control group. Effect of progesterone on the chronic phase of the inflammation: Effect of progesterone on the chronic phase of carrageenin-induced inflammation was studied in comparison with the effect of a potent anti-inflammatory steroid, hydrocortisone acetate. On day 6 after carrageenin injection, granuloma-bearing rats were injected with 50 /eCi/kg of L-[3H]
proline (generally labeled, 63 Ci/mmole) into the granuloma pouch and the rats were separated into five groups (7 rats/group). The first group was sacrificed 24 hr later and served as the 7-day control. The second, the third and the fourth groups were injected respectively with progesterone (1 mg/kg in 1 ml sesame oil) or with hydrocortisone acetate The results are summarized in Table 2 . The progesterone treatment (1 mg/kg) produced a significant decrease both in the wet weight of the granulation tissue and in the amount of the exudate. This inhibitory effect of progesterone was enhanced somewhat by the treat ment of an increased dose (2 mg/kg) of progesterone. The effect of progesterone on the vascular permeability in the chronic phase was also examined in a separate experiment, in which progesterone (1 mg/kg) was repeatedly injected as described above, and each rat was With respect to degradation of collagen, more than half of [3H]-collagen in the granulation tissue disappeared during the period from day 7 to day 12 in both the control and the progesterone-treated groups. There was no significant difference in the collagen degradation between these two groups. On the contrary, hydrocortisone acetate significantly inhibited collagen breakdown (Table 2) . On the other hand, the total amounts of [3H] noncollagen protein of the granulation tissue in the progesterone and hydrocortisone acetate groups were significantly lower than that of 12-day control, though there was no difference between both the values of the progesterone and hydrocortisone acetate groups (Table 2 ).
These results suggested that progesterone and hydrocortisone acetate enhanced the de gradation of noncollagen protein in the granulation tissue.
The effect of progesterone and hydrocortisone acetate on the incorporation of [14C] proline into collagen and noncollagen protein was also studied. The results are shown in (2) also found that pro gesterone reduced the thickness of the granuloma pouch wall induced by croton oil in rats.
Nyman et al. (9), however, demonstrated that progesterone had no effect on the induction of granulation tissue when steel cylinders were implanted in oophorectomized rabbits.
The discrepancy between our results and those of Nyman et al. shown to be ineffective in the chronic, proliferative phase of the carrageenin-induced in flammation, though such compounds were effective in the early phase (10) . In these respects, progesterone exerts a broader range of anti-inflammatory activity.
Influence of progesterone on collagen and noncollagen protein metabolism in the granulation tissue appears to be somewhat different from that of glucocorticoids. Hydro cortisone acetate inhibited collagen breakdown in the chronic phase of inflammation (Table   2 ). This observation is consistent with our findings reported previosly in relation to beta methasone disodium phosphate (11 (Table 2 ). In the case of progesterone, however, it is evident that this hormone enhanced the involution of pre-existing granulation tissue by means of an increased de gradation of noncollagen protein without affecting the synthetic ability for noncollagen protein. Such a concept is agreeable with the finding that significant nitrogen loss occurs during treatment with progesterone of normal human subjects (14, 15) .
